Out of 45 cases of fatal chronic pneumonia in calves examined for Mycoplasma bovis infection from February to July 1994, 11 cases with pulmonary abscesses that were culture positive for M. bovis were encountered. The cases were studied in detail using a recently developed monoclonal antibody-based immunoperoxidase technique. Mycoplasma bovis organisms were detected in specific locations at all stages of abscessation observed. In bronchioles or terminal airways within which abscesses developed, M. bovis was located at the epithelial surface and in close association with infiltrating neutrophils and macrophages. Abscessed airways that had lost the epithelium were encapsulated and were seen as coagulative necrotic foci that stained intensely for M. bovis, especially at the periphery. Some foci stained weakly and such might have been resolving lesions. Mycoplasma bovis was also demonstrated at sites of mild mononuclear cell infiltration in the livers and kidneys of 2 calves. The mycoplasma was detected within bile ducts in the liver and in the tubular epithelium of the kidney. Abscesses not staining for M. bovis, presumably caused by other pathogens, were seen concurrently with M. bovis-associated abscesses in some lungs. Thirteen other M. bovis-positive cases showed no abscesses, possibly indicating heterogeneity among M. bovis strains. Three other cases with abscesses were negative for M. bovis by culture and immunoperoxidase staining. The monoclonal antibody-based immunohistochemical technique is efficient for specific detection of M. bovis in cases of enzootic pneumonia of calves with or without abscessation. Mycoplasma bovis is implicated in the pathogenesis of lung abscesses in some calves.
Naturally occurring infectious pneumonias of clinical significance usually have complex causes, often requiring the interaction of two or more organisms and predisposing environmental factors. 2 Calf pneumonia resistant to antibiotic therapy is frequently encountered in the United States of America and Canada. 10 In areas where calves dying of chronic pneumonia would normally have been treated for bacterial agents, diagnostic effort is necessarily geared towards elucidating the role of viruses and mycoplasmas. Viral agents often cause acute pneumonia in calves, with a histological picture of bronchointerstitial pneumonia. 2 Among bovine mycoplasmas recognized in the USA, Canada, and Europe, Mycoplasma bovis stands out as the most invasive and destructive. This mycoplasma can cause pneumonia and arthritis in calves and mastitis in adult cattle . 2, 7 Mycoplasma bovis has also been cultured from blood. 11 There are studies in which M.
bovis was inoculated into calves concurrently with Pasteurella hemolytica, 3 respiratory syncytial virus, 11 and bovine viral diarrhea virus and P. hemolytica. 8 Lesions produced by M. bovis alone were described as focal areas of coagulative necrosis surrounded by mononuclear cells and suppurative bronchiolitis with varying degrees of lymphoreticular hyperplasia.
The occurrence of M. bovis on a farm in England led to increased severity of calf pneumonia, with mortality rising from 9.7% to 36.5%/year. 4 Lesions of coagulative necrosis were observed concurrently with the usual histopathological picture of exudative bronchopneumonia, extensive fibrosis, and abscessation, following the occurrence of M. bovis on the farm. With a polyclonal serum-based immunoperoxidase technique, M. bovis was demonstrated in bronchiolar exudates and at the periphery of the necrotic foci. Similarly, M. bovis was recently demonstrated in all 14 cases of subcutaneous decubital abscesses in calves that were negative for aerobic and anaerobic bacteria and fungi. 6 Two calves with M. bovis-positive subcutaneous decubital abscesses also had bronchopneumonia with areas of coagulative necrosis in the lung parenchyma. 6 Mycoplasma bovis and P. multocida were isolated from 1 of the lungs. Apart from this report, the association of M. bovis with naturally occurring chronic lung abscesses in calves appears not to have been reported in the 333 USA, and mycoplasma is usually not considered in ature. Following a 5-min wash, 3,3'-diaminobenzidine tetradifferential diagnosis of cases with lung abscesses. hydrochloride (DAB) e was applied for 5 min, and the slides Recently, a monoclonal antibody-based, avidin-bi-were washed twice for 5 min each time in distilled water. otin-enhanced immunoperoxidase method for dem-Slides were reassembled on a rack, counterstained in a 15 onstrating M. bovis in formalin-fixed, paraffin-embed-dilution of Gill's hematoxylinffor 30 sec, washed in tap water, ded calf lung tissues was developed. 1 The apparent dehydrated in graded ethyl alcohol and the clearing agent, a specificity, sensitivity, and reliability of the improved and covered with coverslips. Normal mouse serum g was aptechnique has facilitated a detailed study of chronic plied to appropriate tissues as monoclonal ascites control. lung abscesses in calves that were culture-positive for Other controls were as earlier reported. 1 M. bovis. In this paper, we report the findings of this study and further highlight the potential usefulness of Results the technique for diagnosing M. bovis infection on a In lungs where typical deep-brown-staining M. bovis herd basis in cases of enzootic pneumonia of calves.
antigens were detected in association with abscesses, microscopic lesions were characterized by severe Materials and methods chronic suppurative bronchopneumonia with absces-Cases. Lung tissues from 1-3-mo-old calves with chronic sation. Many lungs had several abscesses with central pneumonia were obtained from 4 diagnostic laboratories in coagulative necrotic material surrounded by pyogranthe midwestern region of the USA between February and ulomatous inflammation and dense fibrous connective May 1994, as previously reported. 1 Out of the 15 calves that tissue walls. Between abscessed foci, the septa were were reported to be positive for M. bovis by culture and moderately thickened by mixed mononuclear cells. Alimmunoperoxidase staining, 7 with pulmonary abscesses were veolar spaces were filled with macrophages and neuselected for the current detailed study. In addition, 4 new trophils. Varying degrees of peribronchiolar lymphocases of pneumonia with abscesses that were also positive macrophagic cuffing and nodule formation were seen.
for the mycoplasma by culture and immunoperoxidase staining were encountered at the Veterinary Diagnostic Labora-
The immunopathological reaction in the M. bovistory, Iowa State University, Ames, Iowa, between June and associated abscessed lungs could be categorized into 5
July 1994 and were included. The whole lungs were available stages:
for gross examination in these 4 cases. Nodules 0.5-2 cm in diameter were observed on some cranioventral lung lobes. The nodules had thick, creamy exudate on incision. Thirteen other calves that were positive for M. bovis but showed no abscessation and 3 calves with abscesses that were M. bovis negative were studied for comparison.
Immunoperoxidase technique. The immunohistochemi-Microabscesses composed primarily of neutrophils and macrophages develop in the lumina of terminal airways or small bronchioles in which epithelial cells stain positively for M. bovis (Fig. 1 ).
cal procedure was described previous1y. 1 Lung tissues were fixed in 10% neutral formalin for approximately 18 hr and then transferred into 70% ethyl alcohol. Paraffin-embedded sections were prepared routinely. Sections were deparaffinized in 2 changes of a clearing agent, a 15 min each, and rehydrated through graded alcohol baths to distilled water. Endogenous peroxidase was inactivated by treatment in 1% hydrogen peroxide for 30 min followed by a 10-min wash in distilled water. Tissues were then digested for 2 min in prewarmed (37 C) 0.05% protease b and washed, 3 min each time, in 3 changes of Tris-buffered saline (TBS) (pH 7.5) made as 0.1 M Tris/0.15 M sodium chloride. Slides were then assembled on slide coverplates c in staining racks, c and tissues were blocked with 5% normal goat serum b in TBS for 5 min. The primary antibody used was a 1:1,000 dilution of a pool of equal volumes of 3 monoclonal ascites (MYB 57, MYB 87, MYB 163) raised against M. bovis strain M23. 9 The monoclonal ascites pool was applied overnight at 4 C. Slides were Increased accumulation of neutrophils and macrophages in bronchiolar lumina and commencement of peribronchiolar mononuclear cell cuffing (Fig. 2) . Disruption of bronchiolar epithelium by infiltrating neutrophils and macrophages, increased peribronchiolar mononuclear cell accumulation, and encapsulation. Most of the bronchiolar epithelial cells and some phagocytic cells are laden with M. bovis (Fig.  3 ) Loss of bronchiolar epithelium, with lesion characterized by foci of coagulative necrotic tissue that stain intensely for M. bovis, especially at the periphery (Fig. 4) . The intensely staining periphery is believed to be a zone of disrupted bronchiolar epithelium laden with M. bovis antigen. Coagulative necrotic foci that stain weakly for M. bovis (not shown).
washed for 5 min in 0.05 M Tris buffer (wash buffer) (pH Two or more of these stages could be seen in the same 7.5), and tissues were blocked in 1% normal goat serum for lung. 5 min. Biotinylated goat anti-mouse immunoglobulins d were Mycoplasma bovis was also demonstrated at foci of applied for 30 min at room temperature, and slides were mild periportal lymphohistiocytic hepatitis and lymwashed for 5 min in wash buffer. Peroxidase-conjugated phohistiocytic tubulointerstitial nephritis in 2 calves streptavidin d was then applied for 30 min at room temperwith pulmonary abscesses in which kidney and liver were examined. The mycoplasma appeared to be with-composing lung that was culture negative but immuin bile duct epithelium in the liver and within tubular noperoxidase positive for M. bovis also had abscesses. epithelium in the kidney (Figs. 5, 6) .
Thirteen calves were positive for M. bovis but had In addition to the 11 calves with abscesses, 1 deno abscesses. These calves showed profuse coloniza- tion of the bronchiolar epithelium by the mycoplasma and peribronchiolar fibrosis. Three other calves with abscesses were negative for M. bovis. The remaining 17 calves were negative for M. bovis and showed no abscessation.
Discussion
The highly selective manner in which the abscesses stained for M. bovis organism, compared with unaffected lung parenchyma, provides convincing evidence that the monoclonal antibody-based immunoperoxidase technique described previously 1 has good diagnostic value. If abscess formation is a strain-related phenomenon, it is satisfying that both abscess-forming and non-abscess-forming strains of the mycoplasma are detected by the monoclonal antibodies. Monoclonal ascites, which afford large quantities of identical antibodies for uniform results 5 have thus shown a wide detection range. The availability of monoclonal antibodies with proven efficacy should now facilitate a broader use of the immunoperoxidase technique for confirming M. bovis infection in outbreaks of enzootic pneumonia in calves. not be ruled out. Such agents most likely caused the abscesses that failed to stain for M. bovis. They might also have caused the M. bovis-positive abscesses synergistically with M. bovis. In 1 report, 4 P. hemolytica organisms were demonstrated by immunoperoxidase labeling, sometimes in the same lesion as M. bovis. Moreover, in this study, 1 laboratory cultured Escherichia coli and Streptococcus spp. from 1 of the 11 calves and another laboratory cultured Actinomyces pyogenes from another calf. Nevertheless, the demonstration of M. bovis in strong association with bronchiolar epithelial cells in lesions that represent early abscess development is a good indication that the mycoplasma played a significant role in the pathogenesis of those abscesses. Mycoplasma bovis should be included in the lists of agents that cause bovine bronchopneumonia with abscessation.
Abscesses were encountered incidentally in the initial study that was aimed at developing a diagnostic test for M. bovis. This systematic study was initiated when 1 laboratory sent an abscessed lung that was negative for the usual bacterial agents and the lung was positive for M. bovis by culture and immunoperoxidase staining. The recent report strongly associating M. bovis with subcutaneous decubital abscesses in calves 6 also gave a strong impetus for this study. The possible involvement of other agents such as bacteria and viruses in some of the pathological changes observed could The livers and kidneys from 2 calves that had lung abscesses were examined for M. bovis by immunoperoxidase staining because of mild multifocal areas of mononuclear cell infiltrations seen on sections stained with hematoxylin and eosin. Tissues treated with the ascites pool showed the mycoplasma in the regions of cellular infiltration, whereas tissues treated with normal mouse serum did not. In an earlier study, 11 M. bovis was demonstrated in the liver of gnotobiotic calves in experimental mixed infection with respiratory syncytial virus but was not demonstrated in the kidney despite presence of some focal areas of early necrosis in the collecting tubules of the inner cortex. The route of entry into the livers and kidneys was not clear from this study, neither is the significance of the mild pathological changes in the organs with which the mycoplasma was strongly associated.
It is not clear from earlier studies 4,11 whether coagulative necrotic foci were seen in each lung that was positive for M. bovis. In the present study, 13 out of 25 M. bovis-positive cases had no abscesses. It was first thought that those cases represented early stages of bronchiolar epithelial colonization. The lesions were, however, fibrotic, which indicates chronicity. In cases with abscesses, foci of early microabscesses showed no fibrosis, and such structures are probably the beginnings of the fully developed coagulative necrotic foci. It is possible that some strains of M. bovis do not form abscesses whereas other do, or perhaps other microorganisms actually worked synergistically with M. bovis to cause the abscesses in which the mycoplasma was found. A presumptive diagnosis based on histopathology as earlier proposed 4,11 should take into account the fact that coagulative necrotic foci may not be seen in some cases of M. bovis infection of calf lungs.
Out of 45 fatal cases of chronic pneumonia in calves from the midwestern region of the USA, 25 (55.6%) stained specifically for M. bovis and 12 of these 25 (48%) had lung abscesses. This study is based on only the 11 calves that were both culture positive and immunoperoxidase positive; 1 decomposing lung that was not culture positive was excluded. Whether death of the calves included by this study is directly related to the presence of M. bovis is not known. The histopathological picture is certainly similar to what was reported from a herd in England that suffered increased mortality following the recognition of M. bovis. 4 Pathogenicity studies, using strains specifically associated with abscesses, and epidemiological studies might help elucidate the significance of M. bovis in chronic lung abscesses in calves worldwide.
